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While friction blisters are very common-
place, we could find only a few investigations
on the mechanism of tbeir pathogenesis (1—3)
and none to date on tbe composition of their
fluid.
Advances in micro-eleetrophoretic techniques
have stimulated renewed interest in the protein
composition of fluid from blisters of various
causes. Zone and immunoelectrophoresis of blis-
ter fluid from cantharidin (4, 5) and thermal
(6) blisters and from blisters of vesicular dis-
eases (such as dermatitis herpetiformis (7) and
pemphigus vulgaris (5)) have shown that the
fluid contained all the proteins identified in the
blood serum from the same individual.
The purpose of the present study was two-
fold: 1) to identify the electrolyte and pro-
tein composition of friction blister fluid; and
2) to ascertain if and how friction blister fluid
differs from corresponding serum.
Subjects
MATERIALS AND METHODS
Fifty-eight healthy male volunteers on active
military duty at the Presidio of San Francisco
and three male patients hospitalized at the Letter-
man General Hospital participated in this study?
One patient was a fifty-four year old white male
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with multiple myeloma, and the other two were
Caucasian male soldiers being treated for malaria.
Experimentcl Friction Blisters
Two friction blisters were produced on the
hypothenar eminence of each palm nsing the
pencil eraser twisting technique (9, 10). At selected
intervals after blistering trauma, the blisters on
each volunteer were cleansed with 70% isopropyl
alcohol and aspirated using a 26-gauge needle on
a tuberculin syringe. The iluids collected from the
four blisters on each subject were of necessity
pooled for analysis in most of the studies to be
described. Five ml of a corresponding blood speci-
men were obtained from the antecubital vein at
the same time.
Electrolytes
For both friction blister fluid and corresponding
serum, sodium and potassium concentrations were
determined by flame photometry,° and calcium
was analyzed fluorometrically.2 Chloride content
was obtained by the electrometric method of
Cotlove et al (1).
Totol Protein
The total protein concentration of friction
blister fluid and serum was determined by the
micro-biuret method of Weichselbaum (12).
Zone Electrophoresis
Zone electrophoresis of both blister fluid and
corresponding serum was carried out simultane-
ously on a Beckman Microzone Electrophoresis
Apparatus Model R-101 using cellulose acetate as
the supporting medium according to the method
of Grunbaum et al (13). A single application of
0.25 ,d was used for serum electrophoresis and two
applications of 025 pl for blister fluid. Separation
of the proteins was performed at 250 volts for 17
minutes in a pH 8.6 barbital buffer of 0.06 ionic
strength. After staining with 02% aqueous Ponceau
S solution, a Beckman Analytrol Model RB was
used for integration of the area under each protein
peak.
Immunoelectrophoresis
Immunoeleetrophoresis of the fluid from indi-
vidual friction blisters and corresponding serum
'Model 143 Flame Photometer, Instrumenta-
tion Laboratory, Inc., Boston, Massachusetts.Model III Fluorometer, GK. Turner Asso-
ciates, Palo Alto, California, using their method of
analysis.
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TABLE I
Electrolyte content of experimental friction blister fluid (B.F.) and corresponding serum of healthy male
volunteers two hours after blistering trauma
A
B
C
D
E
F
G
H
I
J
K
L
M
N
0
P
Q
from each subject was performed on cellulose ace-
tate in a Beckman Microzone Cell Model R-101
following the method of Grunbaum et al (13).
Rabbit anti-human polyvalent serum and anti-
human yM serum were employed. Good delinea-
tion of the protein fractions required application of
4 d of blister fluid.
'311-Albumin
3.88 microcuries of radioiodinated (I) human
serum albumin4 were injected into the left ante-
cubital vein of each individual immediately after
blistering trauma. Three hours subsequently, equal
volumes of pooled blister fluid and serum obtained
from the right antecubital vein in each subject
(125 pJ in Patient 1 and 75c1 in Patient 2) were
counted in a Picker Spectroscaler III for 10,000
counts.
RESULTS
4.5
3.8
4.2
4.2
4.2
5.4
6.1
5.3
4.2
in pooled blister fluid and corresponding serum
at two hours after blistering trauma are de-
picted in Table I.
The average total concentrations of sodium,
potassium and chloride in the blister fluid
corresponded to those in the serum. Calcium,
however, was significantly less (p < 0.01) in
the blister fluid with an average level of 7.1
mg% as compared to 9.1 mg% iii the serum.
Total Protein Concentration
Twenty-five healthy adult Caucasian male
volunteers from 18 to 25 years of age were
used in this study. The results of the analysis
of the total protein concentration of corres-
ponding serum and pooled friction blister
fluid specimens at 1, 2, 4, 8, and 20 hours
after blistering trauma, respectively, are de-
picted in Table II.
The amount of protein in the fluid of blisters
one hour old was in each individual less than
the corresponding serum level, and the dif-
Volunteer
Sodium
(mEq/L)
Serum
Potassium
(mEq/L)
B .F. Serum
Calcium
(mEq/L)
B.F.
Chloride
(snEq/L)
134.0
137.0
134.5
138.5
138.0
142.5
140.5
138.0
141.0
Serum
9.6
8.8
9.3
8.9
8.9
9.2
134.0
135.5
131.5
130.0
138.5
135.5
138.0
148.0
141.0
B .F.
7.8
6.6
6.5
6.9
8.2
6.9
4.5
4.3
5.2
4.2
4.7
4.2
4.4
3.9
4.0
Serum
100.0
98.5
102.0
100.0
100.5
98.0
102.0
B .F.
101.0
96.5
100.0
99.5
98.0
100.0
106.5
Average 138.2 136.9 4.4 4.6 9.1 7.1 100.1 100.2
Probability* >0.40 >0.40 <0.01 >0.80
* From the t test on the significant difference of the means.
Electrolytes
Seventeen healthy male volunteers partici-
pated in this study. The analyzed electrolytes
RISAfl, Abbott Laboratories, North Chicago,
Illinois.
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ference in the average amount of protein was
highly significant (p < 0.001). The average
total protein concentration in the blister
fluid was 2.5 gm% at one hour, 1.8 gm% at
four hours, and 1.7 gm% at 20 hours. The dif-
ference between the value at one hour and the
values at the end of 4 and 20 hours, respec-
tively, approached but did not achieve statis-
tical significance at the 5 percent level. The
values at 4 and 20 hours were, however, quite
similar.
Zone Electrophoresis
At two hours after blistering trauma, the
fluid from each of the four blisters on the
palms of 12 male volunteers was aspirated and
TABLE II
Total protein concentration of serum and pooled
friction blister fluid at various intervals after
blistering trauma
TABLE III
Zone electrophoresis of serum and pooled blister
fluid two hours ofter blistering trauma
Globulins (%)
Albumin
_____________Volunteer (%)
Serum 57.2
Blisters 55.7
Serum 65.2
Blisters 65.4
Serum 59.3
Blisters 66.3
Serum 54.9
Blisters 56.7
Serum 58.4
Blisters 51.7
4.5
4.9
2.7
4.1
2.8
5.0
3.5
3.1
3.7
5.6
a,
8.7
14.3
9.0
8.1
8.5
8.2
11.4
12.4
9.0
12.9
S
10.7
13.5
9.7
12.2
17.8
11.6
15.5
13.9
16.8
16.9
7
18.9
11.6
13.4
10.2
11.6
8.9
14.7
13.9
12.1
12.9
Total protein (gm%)Time after
blistering
specimens
collected (hours)
1
1
1
1
1
Volunteer
A
B
C
D
E
F
G
H
I
J
K
6 Serum
Blisters
65.6
67.0
2.6
4.6
7.9
11.0
14.1
11.5
9.8
5.9
7 Serum
Blisters
53.7
47.8
3.3
7.5
11.1
13.6
18.3
16.4
13.6
14.7
'8 Serum
Blisters
60.4
66.7
4.1
4.1
10.6
7.6
12.2
11.0
12.7
10.6
Serum
7.5
7.9
7.6
8.0
7.4
8.0
7.7
7.1
7.4
7.3
Blister fluid
3.0
3.0
2.5
3.9
3.2
3.1
2.9
0.4
1.8
1.1
2
L
M
N
0
P
Q
H
4
4
4
4
4
4
4
7.5
7.2
7.8
8.6
8.0
8.3
6.9
7.0
S
T
8
8
0.8
0.7
2.1
3.1
1.5
4.0
0.5
0.7
1.6
1.0
0.8
2.5
1.6
2.1
1.5
either pooled or separately analyzed electro-
phoretically. The results of the average of
three separate electrophoretic determinations
on each specimen of serum and pooled blister
fluid from each of eight volunteers are pre-
sented in Table III. The results of the average
of three separate electrophoretic determina-
tions on the fluid from individual blisters
and corresponding serum from each of four
volunteers at two hours after blistering trauma
are shown in Table IV.
The average level of the a1 globulin fraction
in the blister fluid from all of the twelve vol-
unteers was significantly higher (p < 0.01)
and the average level of the y globulin fraction
was significantly lower (p < 0.01) than in
serum. The average levels of the a2 and J glob-
ulin fractions were not significantly different
(p > 0.05) in the blister fluid when compared
with serum.
It is noteworthy that in the same individual
some of the blisters which were simultaneously
U
V
w
x
Y
8.3
7.7
6.9
7.1
8.2
8.1
8.2
20
20
20
20
20
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TABLE IV
Zone electrophoresis of serum and the fluid from
individual friction blisters at two hours after
blistering trauma
Volun-
teer
#9 Serum
Blister #1
Blister #2
Globulins (%)
Albumin
(%)
ai a2 /9 7
59.1 3.2 5.2 14.0 18.5
65.2 3.8 8.1 9.6 13.3
69.5 3.7 6.6 10.1 10.1
#10 Serum
Blister #1
Blister #2
60.9
58.3
64.8
3.2
4.9
5.1
7.4
9.8
8.5
12.5
12.9
8.5
16.0
14.1
13.1
#11 Serum
Blister #1
Blister #2
Blister #3
56.5
64.1
57.1
69.1
3.8
3.8
6.0
2.9
11.3
5.7
9.5
5.9
17.1
15.1
16.7
11.8
11.3
11.3
10.7
10.3
#12 Serum
Blister #1
Blister #2
60.3
60.7
62.0
2.7
3.2
3.8
8.1
8.7
7.9
13.9
15.5
14.8
15.0
11.9
11.5
produced varied from each other in the dcc-
trophorctic pattern of their contents.
Blister Fluid Proteins in a Patient
with Multiple Myeloma
Two friction blisters were produced on each
palm of a 54-year-old Caucasian male with
multiple myeloma. At two hours after blister-
ing trauma, the blister contents were aspirated
and pooled and a corresponding blood specimen
was obtained. The results of the protein elec-
trophorcsis arc shown in Figure 1.
It is evident that the markedly elevated
gamma globulin level of the blister fluid cor-
responds to that present in the serum.
Immunoelectrophoresis
Immunoclectrophorcsis of the fluid from each
palmar friction blister and corresponding
serum from four healthy male Caucasian
volunteers at two hours after blistering trauma
showed in all instances that the protein bands
were identical in the blister fluid and serum
from the same individual. The immunoelcc-
trophorctic pattern obtained is demonstrated
in Figure 2.
Blister Fluid of Patients Receiving Radio-
Jodinated (U) Human Serum Albumin
Two adult Caucasian male patients with
malaria undergoing blood volume studies with
RISA® participated in this study. The radio-
active labelled albumin was intravenously ad-
ministered immediately after blistering
trauma. Three hours later, the radioactivity
contained in the pooled blister fluid from
each subject and in a volume of corresponding
serum exactly equivalent to the volume of
blister fluid was determined. Counting was
carried out for 10,000 counts in each instance,
to keep the error at only 2 per cent.
The net activity of the blister fluid was
approximately one-half that of the serum ac-
tivity. The results, shown in Table V, indi-
cate that the intravenously injected albumin
did enter the blister compartment.
nlscussjoN-
To our knowledge, this is the first report
on the contents of friction blisters compared
to the numerous studies already available on
the fluid of bullae due to other causes.
The electrolyte content of friction blister
fluid was not statistically different from that
of serum except for calcium. Since approxi-
mately 45 percent of the total serum calcium
is protein bound, chiefly to the albumin fraction,
the reduced total calcium content of friction
blister fluid may simply be a reflection of the
fluid's lower total protein concentration.
At various time periods, the quantity of
total protein was consistently less in the blister
fluid than in the serum. At one hour after
blistering trauma, the average total protein
concentration of the blister fluid was '/a that
of the blood serum. With increasing age of
the blister, its total protein concentration was
less but not significantly less statistically.
Studies are in progress to determine whether
a free fluid and protein exchange exists be-
tween the blister compartment and the vas-
cular space or the tissue space, or both.
Normal tissue fluid contains the same pro-
teins as are found in serum (14). Eleetropho-
resis and immunoeleetrophoresis of friction
blister fluid also indicate that its protein
components and A/G ratio are qualitatively
identical to those of serum.
FIG. lA. Electrophoresis (upper right) Densitometer Tracing of the Serum from a Pa-
tient with Multiple Myeloma. The percentage of each protein component is presented at the
bottom. (Normal albumin is 47—63%; normal y globulin is 13—25%.)
FIG. lB. Blister Fluid Electrophoresis of the Same Patient as in Figure lÀ. The per-
centage of each component is essentially the same as in the serum. The sharp spike above
the a peak is an artifact resulting from the applicator. It is occasionally seen with
blister fluid electrophoresis and must not be taken into account for calculations.
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Fso. 2. Immunoelectrophoresis of Serum and Blister Fluid from a Healthy Adult Male.
The rabbit anti-human y M and anti-human polyvalent serum were applied along the
strips indicated. The patterns are essentially identical for both serum and blister fluid.
TABLE V
Counts per minute (cpm) of RLSA® in equal
volumes of serum and blister fluid three
hours after injection
Patient
1 Serum
Blister fluid
Volume
(X)
125
125
Cpm (minus
background)
83
37
2 Serum
Blister fluid
75
75
59
32
The electrophoretic demonstration of a se-
rum protein pattern in blister fluid, however,
does not prove that serum is the direct source
of these proteins. The observation that so-
dium, potassium, and chloride are in the blister
fluid in the same quantity as in the serum
and that the intravenously administered radio-
activity of the 1811-labelled human serum al-
bumin can be detected within the blister corn-
partment within three hours does suggest that
the blood serum may be an early source of at
least some of the blister contents.
In the one case studied thus far the abnor-
mally elevated serum y globulin level of mul-
tiple myeloma was also found in the blister
fluid. This suggests that friction blister fluid
qualitatively reflects the composition of serum
both normal and abnormal.
SUMMARY
1. Two friction blisters were produced on
each palm of 61 volunteers using the twist
rubbing technic. Blister fluid and correspond-
ing serum were determined for electrolyte and
protein content at selected intervals after
blistering trauma.
2. The sodium, potassium, and chloride
concentrations in friction blister fluid were
not statistically different from those of serum,
but that of calcium was significantly less.
RABSIT
BLISTER
FLUID
RABBIT
ANTI-HUMAN
SERUM
RABBIT
ANTT-Y-M
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3. The average total protein concentration
of the blister fluid was one-third serum level
at one hour and less than one-fourth the serum
level at twenty hours.
4. The eleetrophoretically separated protein
fractions of friction blister fluid corresponded
to those in serum except that the y globulin
was decreased and the a1 globulin was in-
creased.
5. In patients, the abnormal y globulin of
multiple myeloma and the radioactivity of
intravenously administered RISA® were de-
tectable in the blister fluid.
6. Friction blister fluid qualitatively reflects
the composition of serum, both normal and ab-
normal.
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